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1. ABSTRACT

‘T'erbasc isan ob~cct-oriented” database system under development at the Jet Propulsion Laborato-
ry (J)],). Terbase isdesigned for flexibility, reusability, maintenance case, multi-user collabora-
tion and independence, and efficiency. This paper details the design and development of Terbase
as a geographic data server, using examples proposcd for the Tactical M ovement And yzer (TMA).
TMA is asoftware tool, also developed at JP1., designed for predicting the mad and cross-country
movement of vchicles such as Transportable Frector-Launchers (TEL.S). Terbase uscs Object-
Store’ "N~ by Objcct Design inc. (OD1) for basic database persistent storage and query. Object-
Store’’™ is used because it is an ob~cct-oriented” database system that runs on several platforms in
ahcterogencous manner. Terbasc1s designed to provide hierarchical functionality. 1 ‘ach function
or scrvice provided by this system can be classified under a concept definition. The idea of concept
definitions provides the system administrator with a scheme for adding ncw services with mini-
mum coding. A scrvice will inherit the concept definitions functionality under which it is declared.
1‘or instance, ancw scrvice declarced as part of the indexing concept will automaticall y index any
data generated by that service. Terbasce allows the user to create spatial windows into the database
for running gcographically efficient queries. By using windows, a query will not search the entire
database but only information in the area of interest. The window automatically keeps alegend
and history of actions performed. The window and its information can be save.d as a database ob-
jeel. It can also be set to work in collaboration with other windows. The windowing scrvice com-
bine the concept definitions of automatic legends and indexing. Terrain datais usually accessed
by location then accessed by data type. By default, the Terbase system usc data scts as a strategy
for clustering data since thc user provides the location indexing using windows. By clustcring data
on data type boundaries the user can more cfficicntly specify information for analytical study. The
packaging structure of T'erbasc allows this system flexibility by providing only the componcents re-
quired for the task at hand. 1.ibrarics arc bounded by Concept 1cfiniti ens. 1 7or instance, Terbase
dots not need to implement raster utilities if images will not be used in the final application. Fer-
basc dots this by maintaining a description file for cach application or set of applications. Terbasc
was designed as an application programmers’ tool. This system was designed to benefit the appli-
cation developer as well as the end-user. 1t provides the basic services needed for terrain storage
and querying.

2. INTRODUCTION

Today's military actions require fast and accurate responscs by U.S. forces if operations are to be
successful. Most information for an operation invol ves geographical data. The acquisition and an-
a yst of this type data can crcate a speed barrier for the operation. Most of the information is readily
available from various sources that can be stored in a database for later usc. However, one or more
sources may require individual preprocessing to be valuable. The dataformat may not be compat-
iblc with the database system.




The datarequired by amission planning systemis both varied and volatile. The ongoing but irrcg-
ular updates to the data mean that a flat-file data management approach is inadequate, while the
different types of data the system uscs -- raster and vector, 10 pographic and mechanical, fixed and
moving -- suggest aRelational Data Management System (RIDMS) or an Object-oriented Data
Management System (ODMS) is the best approach.

With a relational system we can create an application that satisfies conditions for a finite number
of operations. The application would provide protection against data corruption through atomicity,
consistency, backup, and concurrently. However, the overhead for an RDMS could degrade per-
formance. A relational model would also consist of many tables and keys and a query could result
in several queries whose output would need to be correlated. The structure of the database would
dictate flexibility. The system’s structure would be astatic model unable to change and data may
require preprocessing cfforts to fit it into the system's model.  Preprocessing could still introduce
corruption and a loss of useful information. Most Relational models do not support complex data
such as two and three dimensional images like terrain and weather data. “1 *hismay be adequate for
some scenarios, but many could require amore, flexible system.

over the past fcw years we have heard a great deal about the advantages of Object Oriented De-
velopment. Object-(hicnted Data Management Systems reduce time and cost for production and
maintenance of a complex system by providing models for developing reusable code. 11 also m akes
modcling real-world entities easier.

An Object-oriented approach would mean that a mission planning system could be versatile. Data
would no longer require preprocessing.  The system could be extended to suite new data. 11 could
add ncw models for cach data source acquired. Possible corraption would not be a problem be-
causc system extensions could maintain data integrity through out the life of the data.

Through encapsulation, the planning system could present the uscr with a common interface for all
the data. The source of the data would not need presentation becausc the user w ould only concern

themscelves with operations on the data. Implementation ol the data tools and structure of the data
would be hidden {from the user.

object-oricntcct” Data Management Systems arc ideal for complex applications, such as mission
planning, that require datathat is not record oriented. *1'he ob~ect-oriented system provides several
methods of accessing data. Data can be retricved though pointers to related objects. This is the
most efficient form of access. Howcever, most systems require thes ystem’s second form of access,
lookup through attribute values.

3. S} STEM PURPOSE

Object-Oriented Data Management Systems represent younger technology then the better known

relational database systems such as Oracle and Sybasc. Nevertheless, there arc a number of com-
mercial products for genuinel y object-based data management available [Cattel11991]. Terbasc is
a set of classes that arc uscd to extend existing objcct-bascd data management systems. It acts as
amodular interface. Application programmers usc the classcs as the main interface to the Object-
Oricented Data Management System. However, the programmer may still usc the direct interface

to the ODMS,
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Figure 1: Terbase is aninterface between the application and the
ODMS.

The overall purpose for Terbase isto provide a set of rules and agents that willbecome the standard
solution for development of an Automatic Mission Planncr to used by next gencration Autonomous
Unmanned Vchicles. The challenge in developing such aninterface is to provide complex data
modcl support, including graphic data, spatial data, and attributc data as well as machine heteroge-
ncous support. The system must be flexible and cfficient. The Terbase Model will define a sct of
management system independent rules that could provide greater support for any environment an
autonomous vchicle may display. in the case of Figure 1, ObjectStore™, by object Design Inc.,
was sclected because of the control it gives the program mer. Asthe Terbase Model is perfected,
requirement for ObjectStore™ will be abolished and any object Based System will work.

4. EXAMPLE APPLICATION

Jet ]’ repulsion Laboratory and Naval Surface Warfare Center (NSWC) are currently involvedin a
project encompassing the development of” the Tactical Movement Anal yzer and the Object Orient-
cd ‘Jerrainat abase, known as’l'erbasc. The office of Naval Research has tasked NSWC to de-
velop anintegrated prototype mission planning system by the year 2000. The prototype system
will be based on Route Planner, ‘I'MA, a Smart Search Planncr, and Image Processing for targeting.

Project planning from this date (o the year 2000 involves a number of interim relcascs of Terbase
and “I’'MA. Eachrclease will provide the necessary functionality to aide in the integration and
progress of the other tools.

The tools under development, for the Automated Mission Planning system, arc independent stand-
alonc prototypces that usc flat-files for their data needs. This makesis difficult to operate the too]
ondifferent geographic areas without first pre-processing data to meettherequirements of each
tool. To make each tool more flexible and enhance its case of usc, the development of adatabase
was starled, 1o be eventually used as the data repository for al the prototypes.
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Yigure 2: The Autonomous Mission Planncr uses ‘Terbase as the data
and syslcm intcgrator

Route Planner

The route planning application will provide mutes for aeria vchicles over terrain. The data peeds,
for themodule include terrain clevation, threat models, and weather, 1Tprovides thc routes from a
departurc location to a destination location. Multiple mutes arc available, ranging from optimal
1o sub- optim al, defined by corridors.

The Router combines the data into two-dimensional and three-dimensional cost surfaces. The
three-dimensional cost surface is aptimized for routing on the horizontal plane, where the three-
dimensional cost surlace incorporates vehicle flight constraints for better route/flight modeling in
three dimensions.

Tactical Movement Analyzer (I'MA)

The Tactical Movement Analyzcr [ Sapounas and Kreitzberg 1994] is atactical decision aid that




provides information on movement capabilitics for a gencralized sct of vehicles over arbitrary ter-
rain. T'o achicve good modeling and simulation the database cannot be static but must evolve with
time to present the most accurate and up-to-date information. A high accuracy, representing the
latest operational profile, will result in better and more accurate predictions. Most of the data re-
quired for movement prediction will not change over time, but certain features like bridges and
roads can change. These changes can greatly impact the movement capability of the ground forcces.

,x_uc_.g%
‘Terbase will be interfaced to all the Automated Mission Planning tools requiring persistent data.
Most of the modules will require up-to-date information on the arca of interest to plan an cffective
mission. Terbase will serve as the information repository for GIS-type data. 1t will also be respon-
sible for rapidly returning information in responsc to a query. Data that must be included arc geo-
graphic information, threat locations and characteristics, target locations and characteristics, keep-
oul zoncs, missile inventorics, and missile characteristics.
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Fiigure 3: Fach data setis stored in its own database. The ‘Terbase user
interface treats them as one.

5. STRUCTUR ¢ SPECIFICATIONS

1.ocation Interface

For Terbase, the Location object is onc of the most important structures. Most information in the
databasc uscs it. 1t provides positions within the environment in terms of a visual map. The object



represents common interface for the set of objects used to specily Cartesian coordinate space.
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Figure 4: Location interface is used by a programmer to create rudi-
mentary structurces.,

Assct Interlace

The asset interlace object represents an individual military unit. Assets are stored in a database as
2set of attributes without agc()graphi(; location. To pl‘()VidC dynamiC information about the assct,
an AssetDynamic object is created. One of the important attributes of anasset is its aliance. Yach
asset, therefore, has afriend or foc status.
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Figure S The Asset Interface 1S the user iucl-face to all objects that can
betargels or move.rs.



Feature Class

A feature object consists of alocation, associated attributes, and alist of neighboring features. The
feature class isthe super class of most other vector classes. 1t simply provides the attribute func-
lionsfor any vector relation required. The point object isafeat ure object represented as asin gle
geographic coordinate. A point objcct can be used to represent entities like buildings on large scale
maps or locations of interest. A path object is a feature object represented by an ordered list of

geographic coordinates. The first pointin the ordered list is the starling point and the last pointis
the ending point, therefore, a path has direction. *J’hese objects usualy represent roads, rivers, and
path transversals by moving entitics. A region object iSrepresented by an ordered list of geograph -
ic coordinates that defincs the boundary of the region (including any islands). Thesc features are
most used to represent lakes, land use arcas, and Ihe like. The group object is a set of feature ob-
Jects including group objects. These objects represent @ set of entitics such as citicsand 1owais.
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Figure 6:Features provide basic GIS-type data structures.

Animage objectconsists of atwo-dimensional matrix of data values plus associated information.
The Georeferenced image subclass adds a geographic location and projection to animage. A Geo-
‘1I'11¥image isatypc of Georeferenced image. ‘1’here arcsomesubclassesof e Georeferenced
image. 'The elevationimage is a Georeferenced image whose pixcl values are evaluations. 1t con-
tains such attributcs asunits of elevation. The map image isageoreferenced i mage with at rans-
lation table for associating the matrix data values with a character code and an informational text
string.

Nci ghboring georeferenced images can be combined to produce an arbitrarily y large coverage area.
1*hc mosaic object has been i mplemented as set of georeferenced i magesto support this feature in
amanner transparent to the end user. In particular, the clevation data for aregion is stored as a
mosaic of onc-degree square elevation images.
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Figure 7: Image Structures provide the matrix support for the Auto-
maled Mission Planncr.

AQOI Class

Because a'Terbase database size islimited only by hardware resources available, a database can
become enormous. Even though an ODMS is designed to handle multi-gigabyte data scts, the ap-
placations can be (and arc usually) far cssrobust. Terbasc defines an A OI object as means of or-
ganizing data regarding a specific geographic area of interest. The object maintains all the
information and the battlcficld situation such as the weather, the terrain and the development of
both fricndly and cnemy assets; aboutintermediate calculations that have aready been done as part
of aprocess; and about the historics of changes made within the AOL An A()] class contains a
unigue name. This is the identification the systcm uses to make reports on the scenario. 'The spec-
i fication of the area of coverage is an attribute that is nccessary when limiting the domain of the
scenario. When the A()] object iscreated the area of coverage is used to retricve all the data that
iswithin its boundary. The user is limited to this data when performing queries and other database
related functions. In this way, an instance of this object acts like a gecographical window into the
database. T'hc data available. tothe user in theinitia prototype is a (possibly ecmpty) sctof im ages
containing raster data lying within the boundary of the A()] and a history list describing the dcci -
sions madc because of the A()] object. once an A()] object has been created with the desired set
of features and images, it may be used directly by the application without scarching the entire da-
tabasc again. The user can extend or reduce the area of coverage of the AOL This would automat-
ically add or remove data from the scenario as necessary.




6. 1MPLEMENTATION

Backup

The primary operation required from a databasc is safe long-term storage. 1T a databasc file that is
in constant usc istoremain safe it must be backed-up ofien. ‘The database backup procedure occurs
at the end of a predetermined interval. This interval can be transactio n-b ased or time-based. 1n a
transaction-bascd backup procedure, changes to the databasc are recorded in alog. This allows the
backup to be up-lo-date at the expense of performance. A time-based backup procedure occurs
when atimer rcaches rescttime. 1t isup to the user to determinc the tinlc-interval or even the num-
ber of transactions that cause the backup procedure to initiate. The backup process in its most sim-
pleimplementation copies the databasc at the operating systcm leveland restores it by replacing
the current databasc file with the copy. Note that this is an implementation and not amodcl defi-
nition.

Integrity

The Terbase modcl defines rules that rely on the control given it by the underlying ()]) MS. Data
Integrity ismaintained on a per-instance bases, that is when ancw object is created, its attributes
arc checked for value bounds and placed in the appropriate context.

1 jach onc of the general classcs, feature, image, A()], etc., has an indexing object associated with
it. The indexing object manages creation, examination, and (instruction of an instance of the gen-
cral class. When an A()] objectiscreated, the index checks the database to ensure the uniqueness
of its name. I'or feature objects the index simply assures the availability of the objectfor later usc.
in al the cases of an indcx, the spatial bounds arc automatically updated to reflect a rectangular
areathat all the objects cover.

Terbase willmanage anumber of databascs. The System database will contain al the datarequired
for any mission, including session cnvironments. “’his databasc will be read-only to a Common-
User and require an administrator or Super-User to keep it updated. The User-data base can be
rcad or written by the initiator of the session or the Super-1Jscr.

Clustering

Clustering isa term that refers to the strategy of placing data commonly used together near each
other on the disk. Duc to the way Object oriented Data Management systems access database
memory, an intelligent clustering scheme isrequired for adequate performance, especialy in a
nlulli-user environment. ODMS arc usually client-server models. The information in a databasc
is stored non-locally. The client application typically runs on a different machine. When the ap-
plication requests an objcct from the ODMS for the first time, tbe object is transferred from the
databasc to the application's memory.

The time it takes to cstablish a communication path and then send data across is usually long com-



pared to memory access. in RDMS thisis alarge percentage of the efficiency loss. in ODMS,
however, once the transfer ismade it ismaintained in the application’s memory until sonic event
removes the object from mem ory such asthe end of aprocess. However, the ODMS usually goes
onc step further. When an object is transferred, the OIDMS also transfers datafrom disk that isncar
the target objcct. This cuts down on network access.

Most OIDMS provide scveral mechanisms for transfer units. Objects may be clustered according
10 fetch quantum [0111, 1993], a user defincd number of pages. A pageis the smallest physical
unit of transfer. DTED datais a good example of the use of page clustering. DTED 1 .cvelldata
issplit into 1dcgree by 1 degree cells. The data can be stored in 300 pages (about 2 megabytes if
a standard page is 8kb). Since, each 1 degree by 1degree cell has a predetermined size a fetch
guantum can be set to optimize performance. A fetch quantum of 4 provides about 400 statue miles
of1Y1'1;11 1.cvel 1 coverage. The same fetch quantum (using DTED 1 .evel 2) produces about athird
of that arca. Terbasc uses this type of clustering with raster data.

Segment clustering is most used by Terbasc. Objects may be clustered in larger units, which have
logical boundaries for grouping. This form of clustcring provides greater flexibility. Vector data
isusually stored in scgments because agood estimated size of granularity can not be determined.
Tor instance, I'TD datais stored in scgments based on 7.5 minute quadrangles.

in Terbasc there arc many other levels of clustering involved. Hach data source is maintained in
its own database file. For instance, DTED and I'TD data arc independent of each other at the op-
crating system level. Because each data source is in a separate datafile, fetch quantum can be con-
trolled independently. This alows cach data set m aximum performance. When the user uses
‘Terbasc all datais presented as one database. Therefore, there is no apparent loss in functionality.

T'he data structures (AOI, asset,...) defined by Terbase arc asmallset oft ypes that arc used by the
initial Autonomous Mission Planning System. These structures arc known to be suited for the im-
plementation of the system. Terbasc was, however, designed for usc by any system that need a
Geographical information System (G15).

Registration and Concept Interface

The Terbase system will define an interface object called Concept. With a Conceptinterface the
application programmer can cxtend the storage capabilitic sof Terbase. Yirst, the programmer must
create alogger for the ncw data type. in the example system, thelogger was aprogram that created
data files from Defense Mapping Agency’s ADRG product. The programmer will then have to
place a standard wrapper, defined by Terbase, around the ncw module. This iscalled registering
the module.

'T'he wrapper provides attributes that the programmer uses to adapt Terbasce for the ncw data type.
Onc attribute is used to declarc the model of data being added. The models that will be defined by
‘Terbasc arc Raster, Vector, and Attribute.

Raster Data. Raster Data is mostly images. The data usually represents amatrix. Its indexing
scheme ismost likely to be tiled into smaller structures of the same type. Clustering is based on
tile boundaries. Somc examples of Raster data arc satellite images, photographs and screen
dumps.




Vector Data. Vector Data will require less storage space than raster data but more time to process.
An object whose origin isa vector source most likely can not be decomposed into smaller objects
that usc similar structurcs. By default, Terbasc will set its clustering to be type based. Examples

include land use, roads, and city locations.

Attribute Data. Attribute Data is usually text data. 11 is most times human rcadable and uscs ASCII

or somg other character code standard. 1 lowever, attributes can be binary. The default indexing
provided by ‘T'crbasc for this type data is by reference.

There will be other such attributes. These may include clustering schemes such as Composite ob-
jects, References, or Object types and clustering granularity of Page and Scgment [Cattell 1991].
‘The Index scheme may also be dynamic. Some attributes may explicitly designate implementa-
tion. If there arc ncw data structures they will also have to be registered within the Terbase system.

7. SUMMARY

Modeling and Simulation applications require large amounts of the data in various formats. Objcct
oriented databases can handlc such data easily and cfficiently and make the process of accessing
andquerying the data straight-forward. T'erbasc iSaninterface placed on top of a OIDMS to provide
aprogrammer with GlS-type functionality. The implementation of the system can be hidden and
the application programmer can still extend the functionality of the ()]) MS.

The easy access to the data definition has proven a valuable feature. The ability to operate on data
type definition al runtime provides the user with a customization feature. 1f a ncw data typeisre-
quired, the programmer can create the logger and register it 1o lerbase. Registration automatically
Sets default clustering, backup, and indexing for the data.

Ilath new data typeis stored in ancw database. Registration provi des all the interface, therefore,
the programmer never has 1o realize the discontinuity in the system. The default clustering scheme
depends on the data type. Raster data is page clustered while vector data and attribute data are clus-
tered by their feat ure definition.

An indexing scheme allows the user to access all the data by traversing references. Indexing is
affccted by the creation and deletion of features but the programmer dots not need to be concerned.

‘Jhere arc parts of the underlying, O1>MS with which the programmer must contend. The most no-
ticcable is the query language, but, language trandators can be addedto the Terbase interface. This
will make any query language available the programmer.

Terbase is still in development. Terbase is not scheduled to be completed until near the end of this
century. The system model is under development. The interface has not been completely defined
and many performance concerns have not been addressed, however, much of its functional back-
ground has been defined. Many of the functions nceded by the mission planner will initialy be
pre-existing software “registered” into 1'erbasc.
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